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._ : ABSTRACI" Catecholamine release from sympathetic ofindi_idual differences in sympathoadrenal activity as reflected
!_:_iii nerves and the adrenal medulla is influenced by diet under con- in urinary catecholamine excretion. Because dietary and con-

i trolled research conditions. To test whether diet affects cate- stitutional variables were measured in addition to catecholamine

cholamine excretion in free-living men, the urinary, content of excretion, the study provided an opportunity to test whether

i dopamine (DA), epinephrine (Epi), or norepinephrine (NE) was dietary, composition is an important determinant of sympa-
measured in 24-h collections provided by 572 participants of thoadrenal activity in a free-living population, as it is in animals
the Normative Aging Study of the Veterans Administration. and human subjects under more controlled circumstances. This

f Average daily intakes of energy and macronutrients were assessed report examined the impact of dietary, intake, age, and anthro-
by means of a semiquantitative food frequency questionnaire pometric variables on catecholamine excretion in a sample of

_:_: and sodium intake by quantitation of sodium excretion. Cate- 572 participants in the Normative Aging Study of the Veterans
¢:;::::

;...... cholamine excretion was also examined in relation to anthro- Administration (11). Urinary excretion of NE, but not of Epi,

!i!i!i pometric variables. Because DA and Epi excretion were inversely was reported previously to be related positively to obesity [body
_::_ related to age, all subsequent analyses included adjustments for mass index (BMI) and abdomen-hip ratio], total energy intake,
_ age. Although DA and NE were positively related to measures and insulin-glucose status (12, 13).

iiiiii!i of body size and fatness, Epi was negatively related to body
"_i:::::::: fatness. Excretion rates of all three catecholamines were directly Methods
{iiilI related to total energy, intake and inversely related to energy-

ii adjusted CHO consumption. Am .I Clin Nutr 1992:56: Study subjects

t 827-34. The Normative Aging Study is an ongoing longitudinal, mul-KEY WORDS Age, fat, energy intake, norepinephrine, car- tidisciplinary study established by the Veterans Administration
_iiiiii bohydrate, obesity, dopamine, protein, epinephrine, sodium in 1963. Details of the study protocol were presented elsewhere
_iii:il (1 I). Male volunteers were initially selected on the basis of clin-

i teal, laboratory, radiological, and electrocardiographic criteriaIntroduction to provide a healthy population at outset. A history or the pre_

i_iliiii Accumulating evidence suggests that the catecholamines do- ence of coronary heart disease, diabetes mellitus, cancer, peptic
_!_: pamine (DA), norepinephrine (NE), and epinephrine (Epi), ex- ulcer, gout. recurrent asthma, or bronchitis were criteria for ex-

creted as free amines in urine, originate primarily from different clusion from the study. Subjects were also excluded if their sys-
components of a peripheral chromaffin system (or systems). Epi tolic blood pressure was > 140mm Hg or if their diastolic blood
derives principally from the adrenal medulla and NE from pe- pressure was > 90 mm Hg. Body composition and circulating
ripheral sympathetic nerves, although under stressful conditions lipid concentrations were not screening criteria. Although neither
the adrenal medullary release of NE may also be quantitatively
important (1). DA, in contrast, predominantly reflects re-
nal decarboxylation of circulating 3,4-dihydroxyphenylalanine ' From the Charles A Dana ResearchInstitute.Thorndike Laboratory,
(DOPA) in proximal tubular cells (2-4). Dietary intake differ- and Channing Laboratory, Department of Medicine, Harvard Medical
entially affects the activity of these chromaffin systems, differ- _hool, Beth Israel Hospital, and Brigham and Women's Hospital,
enees that can be observed in the urinary excretion of DA, NE, Boston.
and Epi in metabolic studies in animals (5-8) or in human sub- _Supported by US Public Health Service grants HL 37871 and RR

_!!_ jects (1, 6, 9, 10). Whether any of these dietary factors are im- 01032 and by the Medical Research Service of the Veterans Adminis-- tration.
portant determinants of urinary catecholamine excretion in hu- _Address reprint requests to JB Young, Northwestern University
marts outside of a clinical research protocol is, however, not Medical School,Searle Bldg 3-489, 320 East Superior Street, Chicago,
known. IL 6061 I.

The present study is part of an investigation of potential health Received May 22, 1991.
consequences, especially in relation to cardiovascular disease, Acceptedfor publication October 9, 1991.

Am J Clin Nutr 1992;56:827-34.Printed in USA. f_d;1992American Society for Clinical Nutrition 827



828 YOUNG ET AL

racial nor ethnic origin was a selection criterion, study partici- urine collection times, missed collections, spillage, and medi- TA]
pants are almost all Caucasian men. Subjects were aged 62.2 cation use was completed by the subject. Urine samples were Pea
_ 7.9 y (_ _+_SD), range 43-85 y. collected under oil in polyethylene containers in the presence

of 15 mL 6 mol HCI/L and 0.5 g sodium metabisulfite and were :iili

Subject examinations analyzed for catccholamines by liquid chromatography with

Subjects report for examinations every 3-..5 y. Each exami- electrochemical detection according to the method of Smedes ::::i:i : Age_nation includes a physical examination and blood and urine et al (18) as modified by Macdonald and Lake (19). The intraas- :: .... tJd
tests. Subjects undergo an oral glucose-tolerance test (100 g) say coefficients of variation for urine samples (corrected for re- i:,:iil
after overnight abstinence from food or tobacco. In addition, a covery) were 4-6% for each catecholamine. The interassay eoef- ,i E
series of anthropometric measurements are made on each par- ficients of variation were 6-7%. Urinary sodium was measured r
ticipant with the subject dressed only in undershorts and socks, by flame photometry; the results were not corrected for the 5
standing erect with feet together. Weight is measured on a bal- mmol added as sodium metabisulfite.
ance-beam scale to the nearest 0.5 lb and converted to kilograms.

Height is measured against a wall chart to the nearest 0.1 in and Exclusions :ilI
converted to centimeters. BMI is calculated as weight (in kg) Data were collected from examinations conducted between !::i
divided by height 2 (in m). Abdomen circumference is measured February 1987 and June 1989. Of 889 subjects examined during ::i::iii::i::

to the nearest 0.1 cm at the level of the umbilicus perpendicular this time, 717 (81%)provided a 24.h urine sample. A total of : iii!ii

to the axis of the body. Hip circumference is measured to the 43 urine samples were excluded: 8 samples because volumes :iiinearest 0.1 cm at the greatest protrusion of the buttocks. Ab- were < 500 mL, 9 samples because the collection time was < !5
domen-hip ratio refers to the ratio of these two measures of body h, 5 samples because subjects reported an incomplete collection,
circumference. The participants are also categorized as never, 5 samples because questionnaires were missing, and 16 samples li
current, or former smokers on the basis of personal interview, because subjects were taking L-DOPA, methyldopa, or thorazine
To be considered a former smoker the subject must have re- on the day of their urine collection. Five additional subjects

frained from smoking for > I y. were excluded from the analyfis because their total daily energy iiDietary questionnaire intake from the FFQ was not within the range set a priori (2.51-
19.25 MJ/d) and was assumed to reflect either under- or overre-

Dietary data for this study were obtained from a semiquan- porting. Sixty-seven observations had to be excluded because of !iliii

titative food frequency questionnaire (FFQ) (14, 15). Subjects missing values for one or more of the study variables. Finally, i
received the FFQ in the mail and filled it out before their visit 30 subjects taking insulin were excluded. After elimination of

to the study" center. Questionnaires were coded by a research these 145 cases, data from 572 subjects were available for anal- :ii!iiiiii!ii!i !
assistant and then checked by two other observers (RJT, DR.P). ysis. _ an_.
A nutritionist who was involved in the development of the FFQ _:_:_:_

was consulted when coding was found to be inconsistent among Statistical analyses iiiii: he,
the three coders. The FFQ listed food items with serving sizes ii::::i eal.]iiii u_"
and asked about frequency of intake. Nutrient scores were com- Table I presents the descriptive statistics for the study sample, ili_i__
puted by multiplying the frequency of intake by the nutrient Comparisons between the study sample and exclusions in age, :ililiiii: na
content of the food item. Average daily intake of total energy body habitus, urinary catecholamines, dietary, intake, and phys- iiiiii frc
and of individual macronutrients (protein, carbohydrate, and ical activity were done with t tests. Only height was significantly :iiil go

fat) was estimated. Variables representing energy-adjusted mac- different between the included and excluded cases; subjects ex- !_ii_ St_

eluded from the study sample were shorter on average (1.74 til <
ronutrient intakes were computed as described by WiUett (16).

Residuals from the regression of absolute macronutrient intake Iiiiii Rqon total energy were added to the value for macronutrient intake

on the regression line at the mean total energy intake for the TABLE I !iiiiiiiii
study sample. Caffeine intake was estimated from responses to Characteristicsof study sample* {iiiiil a_

questions concerning coffee, tea, chocolate, and cola-beverage ii::::::i:: it

consumption. Variables Value :!iiiiiiiil lTi::

The FFQ also provided information on physical activity. Based Age(y) 62.2 _-+7.9 ion Paffenbarger et al's scale (17), responses to questions asking Weight (kg) 82.0 ± 12.5
number of flights of stairs climbed per day, walking pace, and Height (m) 1.76± 0.06
frequenc), of various physical activities were used to derive a BMIt 26.5 __-3.5 _ii::::::iil
continuous physical-activity variable that assessed total energy Abdomen circumference (cm) 100.4_+_9.3 .....
expenditure in MJ/wk. Hip circumference (cm) 102.6+ 7.1 _iiiiiiiii

All procedures followed were in accord with the ethical stun- Abdomen-hip ratio 0.978 ± 0.047 ::i_i_i lnllnn!1
dards of the Human Studies Subcommittee of the Research and Total energy (MJ/d) 8.38 +_2.67 iiiiiiiiiii:..... --_!

Development Committee, Department of Veteran Affairs Out- Physicalactivity (MJ/wk) 7.30 _+7.32 _ji_i_!: HuW]IUrinary catecholamines(ag/24 h)
patient Clinic, Boston. Dopamine 334.4 -± 121.2

Biochemical analysis Epinephrine 6.8 _+3.8 _i!iii i!,

Norepinephrine 48.0 + 20 1
Twenty-four-hour urine samples were collected at home by - ' i

participants and brought in at the time of their routine exami- * ._± SD.
nation. In addition, a questionnaire eliciting information on t In kg/m'. _ !_..'..ili_i
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iii i TABLE2 6. [Correlations between ln(Epi)or In(NE)and age, BMI, ab-
: Pearson product-moment correlationsfor urinary eatecholamines* domen circumference, abdomen-hip ratio, total energy, and
: :::............. _ physical activity were presented previously (13) and are included

:ii_::i::i::iii!! In In
,_ Variables Dopamine (epinephrine) (norepinephrine) here for comparison with DA; In is natural logarithm]. As in-

i::iiiiiiiiiil dicated in Table 2, all three catecholamines were inversely related

i Age -0.226f -0.184t -0.073 to age although only with DA and Epi was this correlation sta-
......:..... Physicalactivity(asIn) -0.083it 0.010 --0.074 tistically significant. As noted previously (21), urinary DA, Epi,::_iiiiiiii:Urinary-excretion
:_;_;!_! variables and NE were all highly correlated with one another. DA and
::::i::ii!: Epinephrine(asIn) 0.338_" -- Epi were also positively related to urinary sodium content.

::i :: Norepinephrlne (as ln) 0.521¢ 0.408t -- In addition, DA, but neither Epi nor NE, was weakly andSodium 0.146§ 0.104¢ 0.085 inversely related to the natural logarithm of physical activity.

...... • n = 572, except for sodium (n = 472). In, natural logarithm. This relationship between DA and physical activity, however,
li:i:i:i:
......... , e < 0.00i. was not evident when the effect of age was also included in the

_iiiiii ite < 0.05. analysis. In contrast to a previous report that urinary Epi was
,::!::!::::i §/" < 0.0t. positively related to cigarette smoking (22), in this study urinary::iiiii!ii '
i_::_ii! excretion of none of the catecholamines, including Epi, was re-
_::::_::_:: lated to smoking status (current, former, never) when age was......... _+.0.08 m for exclusions vs 1.76 +_ 0.06 for study sample; ._
Ill + SD). BM! was also slightly, though not significantly, higher included in the model (P = 0.701 1, 0.1565, and 0.7854, respec-

i in those excluded = tively).
(P 0.07).

Pearson product-moment correlations were calculated be- Correlations among age, urinary, catecholamines, and anthro-

t pometric variables are presented in 'Fable 3 and comparisons of
tween the individual catecholamines and age, body-habitus

DA excretion among tertiles of anthropometrie variables are!ii_ii variables, dietary, variables, urinary sodium, and physical activity.
ii_;:_ shown in Table 4. Although anthropometric variables were gen-
...... Analysis of covariance was used to compare DA values by tertile

of anthropometric and dietary variables after adjustment for erally inversely related to age and less strongly to urinary Epi,age. [Similar analyses for NE and Epi were presented previously they are positively related to both DA and NE. Within the set

i ( 13)]. Multiple linear-regression analysis was used to assess the ofanthropometric variables used, height was not correlated withindependent relationships of BMI, height, abdomen-hip ratio, either BMI or abdomen-hip ratio, although BMI was highly cor-
:i:_ii!i! dietary intake, and urinary sodium to catecholamine excretion related with weight, abdominal circumference, and abdomen-

while age was controlled for. hip ratio. Consequently, the multiple-regression models exam-

i Normal probability plots were examined to determine whether ining the influence of anthropometric variables and urinaryany of the variables that would be used in the linear regressions catecholamine excretion used height and .either BMI or abdo-

{_:_i:: needed skewness-reducing transformations to improve the lin- men-hip ratio. (In these models height was included as a measure
::i!:::: earity assumption for these variables. As a result, urinary N'E, of body size because BMI is generally regarded as a size-inde-
::iiii::_ urinary Epi, and physical-activity data were transformed into pendent measure of body fatness). The results of these analysesI

natural logarithms before analysis. Residuals were generated are presented in Table 5.from the final multiple linear-regression models to determine DA excretion was positively related to BMI and height and

_iil goodness of fit. All statistical analyses were performed by using negatively related to age in a model in which all three variables
.... Statistical Analysis System AOS/VS version 5.18 (20). P values accounted for 1! % of the total variation in urinary DA. DA was
]iiiii < 0.05 were considered statistically significant, also significantly related to abdomen-hip ratio when age and

_iii: height were included (P = 0.0058), but not if BMI was also
Results included. Similar regression models for Epi and NE demon-

strated that only two of the three independent variables were
Pearsonproduct-momentcorrelationsfor DA,Epi,and NE significantlyrelatedto amineexcretionand, consequently,ac-

and individual study variables are presented in Tables 2, 3, and counted for a smaller fraction of the total variance (4% and 7%,

TABLE 3

i Correlation matrix foranthropometfic variables with age and urinary eatecholamineexcretion

Weight Height BMI Abdomen circumference Abdomen-hipratio

Age -0.286" -0.270" -0.180" -0.142" -0.017
Dopamine 0.305' 0.127t 0.275" 0.253" 0.115_"
In (epinephrine) -0.041 0.007 -0.051 -0.109 t -0.090

,:...
........ In (norepinephrine) 0.265* 0.091:_ 0.254* 0.278* 0.157":::::::
!:i:_:: Weight 0.473* 0.877* 0.872* 0.397*
!ii:_:i

Height -0.004 0.249* -0.008

BMI 0.856* 0.454*
Abdomencircumference 0.684"

• <00Ol
:::i:: �P< 0.01.

_tP < 0.05.
,'.15:
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Rates of dopamine excretion (age-adjusted)within tertiles of anthropomctric variables* : ili:ilili::ili........ i
P values i:iil::::i::i::_:i:i

:::::: ::::
:,: .::

I II I11 I vs II I vs Ili 11vs II1 : !iiii::i.......

:?:':: ?:ii

ug/24 h 1_g/24h _g/24 h :: :i:i

Weight (kg) 319.97 ± 8.58 320.42 t_-8.52 362.55 .± 8.56 0.9708 0.0006 0.0005 :: :i:i:::i:i:
(47.2-75.5) (75.5-85.5) (85.5-149.8) i::_::i!i

Height (cm) 324.02 __.8.79 334.09 .+-8.56 344.84 ± 8.60 0.4143 0.0957 0.3740 iii_
( 157.4-172.7) ( 172.7-178.5) (178.5-195.6) : :_:_:::

Body mass index'i" 324.73+ 8.54 318.98 + 8.47 359.46 _+8.50 0.6333 0.0043 O.000R iii!
(l 5.26-25.03) (25.03-27.61) (27.61-47.13) i::iiiii!i::

Abdominal circumference (cm) 314.54_+8.49 328.83 -+8.48 359.82 ± 8.48 0.2342 0.0002 0.0100 : i_iiii_iii
(70.5-96.5) (96.5-103.7) (103.7-148.7) .............Abdomo°-hiora,,o 320.,9850 323.,0848 359.26847 0.8473 0001, 0.0o27
(0.82-0.96) (0.96-1.00) (1.00-1.12) :::::i::iliiiii:

• ± (r ngo). ......i!ii!i
•Ink 'm- i' iiiiii  i

:iii!i!i!il_
.:.:.:.:.:

.:::::.::

respectively). Epi was negatively related to both age and BMI tion. Both were positively related to total energy and negatively :_::i::i::i,.....::::::

whereas NE was positively related to BMI and height. For both related to adjusted CHO, though Epi only marginally. Inclusion .!iiiiiiiii
Epi and NE, similar findings were obtained when abdomen-hip of urinary sodium in the model eliminated the associations _::_iiiiii
ratio replaced BMI in the model. Thus_ both DA and NE were between dietary variables and Epi, but not NE. Excretion of ::::::i::::::::::_

positively related to body size (height) and body fatness (BMI neither Epi nor NE was related to adjusted fat intake in models, i
or abdomen-hip ratio) whereas Epi wa_snegatively related to which also included age and total energy (results not shown). .........
t_atnessbut not to size. For all three catecholamines the influence of dietary, factors on _iii!.......

ii_!!!!i_!

A similar approach was taken to examine the relationships amine excretion was independent of that of anthropometric :iiiiiiii;
among urinary catecholamines and dietary variables, including variables because all associations, except those with height, re- ......

urinary sodium as an index of sodium intake (Tables 6 and 7). mained statistically significant when the models in Tables 5 i_i_i_i_i!_i!i
Amine excretion was positively related to intake of energy and, and 8 were combined. Thus, excretion rates for all three cat- _iiiii:_

less so, to intake of fat (adjusted for total energy) and negatively echolamines are positively related to energy intake and nega- !!i_!I

iiii!! related to carbohydrate (CHO)intake (adjusted for total energy), tively related to CHO intake after adjustment for total energy. :iiiiiiiiii::::::::Although a positive association between Epi excretion and coffee These dietary effects are largely independent of those effects _iiiiii!
consumption was reported previously (22), in this study caffeine due to anthropometry, i::i::ili

ii i intake was not correlated with urinary excretion of any of thecatecholamines. By definition, nutrient intake after adjustment
_!!!_E!:_:_:: for energy intake did not correlate with total energy, although

iiiii!i intakes of fat, CHO, and protein were highly correlated with TABLE 5 _i!iiil
iiiii:iil one another. Consequently, the multiple-regression models ex- Relationshipof urinarycatecholaminesto age.BMI.and height i i

::i........ amining the influence of dietary, variables and urinary cate- _ SE(fl) P !iiiiiiicholamine excretion used only total energy and either CHO or _!iiiil,......

_i!ii!ii_:i::i:i fat intake,, in addition to age. Furthermore, because sodium- Urinary dopamine i!I.excretion data were available for only 472 subjects, dietary mod- Age -2.4382 0.6392 0.0002
iii!iii'i els were run both with and without this variable. The results of BMI 8.3773 1.3649 0.0001 iiiii!ii
!::::::::i:::: these analyses are presented in Table 8. Height 1.5956 0.7733 0.0395 :!_;_:;_

i!iii_iiiiii_ DA excretion was positively related to total energy and neg- Adjusted :_i_ii_!:....
_ii_:i_:! atively related to CHO intake and age in a model in which all R 2 = 0.1100 :i::iiii:

three variables accounted for 9% of the total variation in urinary In (urinary.epinephrine :ii!ii!ii
- Age -0.0123 0.0025 0.0001 ...........

DA. These three variables remained significant predictors of BMI 0.0t 14 0.0053 0.0331 _!iii!i
_!i_i:_:_ urinary DA in a second model after addition of urinary sodium. Height -0.0036 0.0030 0.2374 i_i_;i!_:i:

which was also positively related to DA excretion, though of Adjusted ::_i_::_i:!!_ili::

borderline statistical significance. In a similar analysis that used R _= 0.0383 .........
fat instead of CttO, urinary DA was positively associated with In(urinary norepinephrine) .....ii:_• ii:

adjusted fat intake (P = 0.0005), but when both fat and CHO Age -0.0001 0.0020 0.9452 iii:
were included, only the negative association of adjusted CHO BMI 0.0271 0.0044 0.0001

with DA was statistically significant (P = 0.006). Regression rteight 0.0(154 0.0025 0.0299 i
Adjusted

models for Epi and NE likewise demonstrated significant as- R _= 0.0684 ::!::iisociations between energy and CHO inlakes and amine exert- .........
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:::::::::..... TABLE 6::::::;::::::

_:i:!:_:!:_:Correlation matrixfor dietary-intakevariables with age andurinary eateeholamineexcretion

!i!_!ii_il Total energy Fat* Carbohydrate* Protein* Caffeine

11 ii:i!::_!i::: Age 0.019 --0.079 0.1441" 0.068 -0.185 _"
:::_i_::!::_::; Dopamine 0.129_/ 0.157'¢ -0.1991" 0.025 0.046

-- :{i::.i.ii.......... In (epinephrine) 0.091§ 0.015 -0.102§ 0.020 0.011
iii!i::ii!i In (norepinephrine) O.108_ 0.045 -0.161 t 0.088§ 0.004

,5 :_iii!!i! Urinary sodium(n = 472) 0.126_/ 0.105§ -0.064 0.060 0.087
iiii::iiii Total energy -- 0.000 0.000 0.000 0.104§

0 _!::ii!i Fat (adjusted for total energy) -- -0.564f 0.200t 0.104§
::i:i:i:_iiiiiii: Carbohydrate (adjustedfor total energy) -- -0.353 t -0.055
[:?:i:?

8 i!!ii!iiii Protein (adjusted for total energy) -- -0.077
:.:::+

0 ¢::iiiii * Adjusted for total energy.
i:il)_i!..... t v <0.001.

7 ii:iiiii! _e < 0.01.
_ i :::::!:: §P < 0.05.

!iili
Discussion any one catecholamine were excretion rates for the other two

catecholamines (Table 2), a phenomenon that was noted pre-
!i!il This report demonstrates that anthropometric and dietary viously (21). The strength of these associations presumably re-

y '!ili factors as well as age account for a substantial fraction (> 14%) fleets the impact of collection factors, the similarities in renal
n _: of the interindividual variation in DA excretion in a cohort of handling of biogenic amines (23), and the coordinate regulation

_s _ii:_ middle-aged and elderly Caucasian men. Variance attributable of those portions of the peripheral sympathoadrenal system from

,f iiii:_::i to these same factors was less for Epi and NE, 50/0and 9%, re- which the individual amines originated, as well as other factors.
s, _::_: spectively. Because these urine samples were obtained while the The regression models presented in Tables 5 and 8, however,

_:_: men followed their normal daily routines, there was less control did not attempt to include cateeholamine excretion as a predic-), ii i_

n _ i:: of dietary, activity, and collection variables than there is within tive, rather than as a predicted, variable because the strong as-
c :::_ a clinical research protocol. On the other hand, one advantage sociations among eateeholamine excretion rates would obscure

!::: of the current approach is that the associations identified in these any effects of the other variables, which together accounted for
5 data are potentially more reflective of the relative importance < 14%of the variance in excretion of any catecholamine. Rather,

of individual study variables under real-life conditions. More- given the limitations inherent in a cross-sectional study such ast-

i :il over, the findings from this study, in general, agree with results this, comparisons among the three catecholamines in their re-
i-

obtained from clinical investigations in this and other labora- lationships to the factors of interest were restricted to the quai-
l. !!::_ tortes, which lend support to the observations described herein, itative effects summarized in Table 9.
:s i:i:.: The goal of this study was to describe the linear relationships In this population of middle-aged and elderly men, excretion

!:i

,,: between urinary excretion of the three cateeholamines and var- rates for DA and Epi, but not NE, were strongly and inversely
_i ious anthropometrie and dietary factors, alone and in combi- related to the age of the subject. In previous reports the effect

i nation. The variables most strongly co_xelated with excretion of of age on NE and Epi excretion in healthy men has been variable

= [
:!: TABLE 7

- _i: Rates of dopamine excretion(age-adjusted)within tertiles of dietary variables*
[!

2 !:_: P values
I i_

5 _ I II III I vs 11 I vs III I[ vs III

iii t_g/24h _g/24 h #g/24 hii

Total energy intake (MJ) 320.97_+8.55 330.64 _ 8.53 351.55_+8.52 0.4243 0.0115 0.08361 (2.77-7.12) (7.12-9.12) (9.12-18.63)
1

I!! Protein intake 343.27± 8.58 330.72 _+8.56 329.28 -+8.55 0.3012 0.2492 0.9055
(as% of total energy) (5.8-15.0) (15.0-17.2) (17.2-29.1)

Total fat intake 322.82± 8.51 322.38 _+.8.48 357.97_-L-8.50 0.9702 0.0037 0.0032
i ....... (as% of total energy) (11.2-28.1) (28.1-33.0) (33.0-48.7)i:
........ Carbohydrate intake 359.26 _+8.47 336.21 + 8.44 307.88± 8.49 0.0541 0.0001 0.0189

2 li:i (as% oftotal energy) (29.6-46.4) (46.4-53.0) (53.0-85.7)

_i: Urinary sodium 310.52 _+9.25 331.68 ± 9.21 336.96___9.34 0.1044 0.0463 0.6889

!-::::_iii (mmol/24 h)(n = 472) (33.5-127) (127-179) (179-375)

.. llilit!ill: * f ± SE (range).
5:::::::
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TABLE 8 I

Relationship of urinary,catecholamines to age, total energy,and adjusted carbohydrate, with and without urinary sodium

Without urinary sodium (n = 572) With urinary sodium (n = 472)

3 SE(B) P 3 SE (B) P

:i
Urinary DA

Age -3.1313 0.6170 0.0001 -2.7963 0.6646 0.0001

Total energy 0.0251 0.0076 0.0009 0.0197 0.0082 0.0160 il_i!!!
Adjusted total carbohydrate --0.4796 0. II 38 0.0001 -0.4704 0.1267 0.0002 :[iilil
Urinary sodium -- -- -- 0.1678 0.0875 0.0557

Adjusted R 2 = 0.0924 Adjusted R 2= 0.0946
In (urinary_epinephrine)

Age -0.0100 0.0024 0.0001 -0.0099 0.0026 0.0002
Total energy 0.00007 0.00003 0.0208 0.00003 0.00003 0.3783 :iiiiiiii
Adjusted total carbohydrate -0.0008 0.0004 0.0638 -0.0007 0.0005 0.1830 i::i!!::::ii::
Urinary sodium ...... 0.0005 0.0003 0.1766 iiiiiiiiii

Adjusted R 2 = 0.0435 AdjustedR 2= 0.0402 :iiii!!iiii
::::::::::

In (urinary norepinephrine) _iiiiill
Age -0.0026 0.0020 0.1996 -0.0037 0.0022 0.0974 !iiii_i_::i

Total energy 0.00006 0.00002 0.0082 0.00006 0.00003 0.0174 i!!:i!!iiiil
Adjusted total carbohydrate -0.0014 0.0004 0.0002 -0.0012 0.0004 0.0054 ii!i!iiii:
Urinary sodium -- -- -- 0.0003 0.0003 0.2986 _!!i

Adjusted R 2= 0.0353 Adjusted R 2 = 0.0345 i:_:_:i:i
:::::::::
., ..,..,:.....

:_ii?:
(24-26), but one population study observed generally negative no effect (25, 26, 29), although one study of men and women :!_::ii_i!

correlations between Epi and age and, among Caucasian men, aged > 80y noted slightly increased urinary, DA in the older 'iiiiiiii
no relation between NE and age (27). Earlier data of Kiirki (28), age group (30). Support for the current finding of an age-related ..........
however, suggest that in men the relationship between Epi and decline in DA excretion comes from the recent observations of iiii;;iii

age may be a biphasie one with excretion rates rising into the age-related reductions in DA output during da)_ime hours in !iiiiiii
fifth decade and falling thereafter. If correct, the age range studied women (31) and in men after a single protein meal (32). Thus, ::::iiiiiiii
would determine whether an effect of age was observed and the current observation of inverse relations between age and i_:_iiii:
would explain why the findings from the current study (age range urinary excretion of Epi an_l DA are consistent with data from _i_!ill
43-85 y) were so strongly negative. The impact of age on DA other studies, including ones performed under clinical research iii!iiii:

excretion has been less well studied. Several reports suggested conditions. Although the present findings provide no insight into iiiilill
i_i_ potential mechanisms for the age-related reductions in Epi and '"........

DA excretion, they do emphasize the potential confounding ef- ! ......
TABLE 9 feet of subject age in studies examining the impact of other vari- i:::ii::il
Summary of impact of independent variableson urinary ables on urinary cateeholamine excretion, f_;;_

catecholamine excretion Catecholamine excretion in humans, as well as in animals, is
clearly influenced by body size, though the precise relation be-

Cateeholamine excretion tween them has not been delineated. As in our previous report _ii::i::i
(12), urinary NE excretion correlated positively with indices of _!!ii!i

Dopamine In (epinephrine) In (norepinephrine) body fatness and, in some regression models, with an additional iiii_!il

iiiii_: Age -* - 0¢ index of body size (height), The present report extends this anal- ii::iiii!i

iii BMI +:[: _ + ysis by showing that, after adjustment for age, DA excretion is iliiiiil
i'.!_:!:

Height + 0 + also positively related to both body size and fatness. In contrast :;:_i_::_i

i_i_!_iii!!iil Abdomen-hipratio + - + to NE and DA, however, urinary Epi is an inverse function of _::ii::ii:,::::::::::::5;;:

ii::ii::::ii Total energy + (+)§ + fatness as related to either BMI or abdomen-hip ratio. The results i::i:.i::ii:

::i Carbohydrate of the current study generally agree with those of previous studies :i!iliiii:

(adjusted) - (-) - correlating urinary NE and Epi excretion with body weight, BMI, i_ii!ili
iiii!:iii Fat (adjusted) (+) 0 0 or intraabdominal fat by computed tomography (27, 33). The _iiiiiiii:
i!iii!ili Protein (adjusted) 0 0 (+) relations among these anthropometric variables and urinary NE i::::::::::::::

ii i Urinary sodium (+) (+) 0 and Epi excretion are also consistent with studies on the side of !i!iiiii
* A statistically significantnegativeassociation, the debate concerning sympathoadrenal function in human i
_fNo statisticallysignificantassociation between excretion of a eate- obesity, which support enhanced sympathetic nervous system ........_._:_:i:_::i: _::.:.:.:

:_:_:_:_: activity and reduced adrenal medullary secretion in this con- iiiiiii_!_i!_i! cholamine and a particularvariable.
_!_!;;_! ¢ A statisticallysignificant positiveassociation, dition (34-37). On the other hand, the positive association be-

........ ._Symbo s n parentheses indicate that the relationship is not consis- tween DA excretion and body fhtness, though statistically clear .... i
iiiiiiii tently observed in the presence of other study variables, is of uncertain physiological importance.iiiiiii i!i  iii!.... ,..... ,

::):)_:i:i:_: :

: .:.:,,.
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